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Objective: Trisomy 9 is a rare chromosomal abnormality usually associated with ﬁrst-trimester miscar-
riage; few fetuses survive until the second trimester. We report two new cases of complete trisomy 9 that
both present unusual phenotypic associations, and we analyze the genetic pathway involved in this
chromosomal abnormality.
Case report: The ﬁrst fetus investigated showed Dandy-Walker malformation, cleft lip, and cleft palate) at
the second trimester scan. Cardiovascular abnormalities were characterized by a right-sided, U-shaped
aortic arch associated with a ventricular septal defect (VSD). Symmetrical intrauterine growth restriction
and multicystic dysplastic kidney disease were associated ﬁndings. The second fetus showed a dys-
morphic face, bilateral cleft lip, hypoplastic corpus callosum, and a Dandy-Walker malformation. Post-
mortem examination revealed cardiovascular abnormalities such as persistent left superior vena cava
draining into the coronary sinus, membranous ventricular septal defect, overriding aorta, pulmonary
valve with two cusps and three sinuses, and the origin of the left subclavian artery distal to the junction
of ductus arteriosus and aortic arch.
Conclusion: Complete trisomy 9 may result in a wide spectrum of congenital abnormalities, and the
presented case series contributes further details on the phenotype of this rare aneuploidy.
Copyright © 2014, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Complete trisomy 9 refers to trisomy of the entire chromosome
9 with no evidence of mosaicism. This uncommon aneuploidy ac-
counts for only 2.7% of all trisomies and mainly results in early
miscarriage [1]. Few cases of liveborn babies have been described,
but the outcome was extremely poor [2]. Complete trisomy 9 pre-
sents a wide variety of congenital abnormalities, affecting most of
the organs and systems, with complex phenotypes [1,3]. Although
the head and neck area and the cardiovascular, skeletal, and centralce, Department of Obstetrics
nita Sanitaria Locale Reggio
ggio Emilia), Italy.
bstetrics & Gynecology. Publishednervous systems are almost always involved, the type of malfor-
mation and its severity is highly variable fromcase to case.We report
two new cases of complete trisomy 9 with an unusual association of
Dandy-Walker malformation (DWM), bilateral cleft lip and palate
(CLP), central cleft palate (CP), and cardiovascular abnormalities.Case reports
Case 1
A 37-year-old primigravida underwent screening for Down
syndrome at 12 2/7 weeks according to Fetal Medicine Foundation
guidelines [4]. The corrected risk for trisomy 21 and trisomy 13/18
were low at 1:774 and 1:891, respectively. Transabdominal Level IIby Elsevier Taiwan LLC. All rights reserved.
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detected overall decreased fetal growth parameters. The exami-
nationwas carried out using a Voluson E8 ultrasound apparatus (GE
Healthcare, Milwaukee, WI, USA) with a multifrequency trans-
abdominal RAB 4-8D probe. Biparietal diameter (BPD) was 46.2mm
(10th percentile for gestational age), fronto-occipital diameter was
57.5 mm (< 5th percentile), cranial circumference was 167 mm (5th
percentile) and abdominal circumference was 129 mm (< 5th
percentile). Femur (FL) and humerus length (HL) were both below
the 5th percentile for age and measured 28.2 mm and 27.4 mm,
respectively. The BPD/FL ratio was 1:638 (95th percentile), indi-
cating symmetrical intrauterine growth restriction (IUGR). A
detailed fetal neurosonogramwas performed with the transvaginal
transfontanelle approach. Cavum septum pellucidum, corpus cal-
losum, third and lateral ventricles (7.5 mm in diameter), thalami,
and basal ganglia were normally structured. In the posterior fossa,
the cerebellar vermis was hypoplastic with a wide cleft between
the cerebellar hemispheres and direct communication between the
fourth ventricle and the cisternamagna. An elevated tentoriumwas
also seen. The overall ﬁndings were consistent with DWM. Face
scanning detected median CLP that was subsequently conﬁrmed by
postmortem examination (Fig. 1).
Fetal two-dimensional/three-dimensional echocardiography
showed levocardia and situs solitus. On the three-vessel trachea
view (3VT) performed in grayscale and using Doppler with color
ﬂow mapping, an aortic arch located to the right of the trachea and
esophagus was seen (Fig. 2). The four-chamber view revealed an
apical, muscular, ventricular septal defect (VSD) using Doppler
color ﬂowmapping. Three volumes of interest were recorded using
spatiotemporal image correlation in glass body rendering with
Doppler angiography. The ductus and the aorta formed a U-shaped
vascular ring around the midline structures (trachea and esoph-
agus), which is consistent with a clinical diagnosis of a right aortic
arch (Fig. 3).
The kidneys were both hyperechogenic, and multiple cysts were
found in the left kidney, which strongly suggested multicystic
dysplastic kidney disease. Because of the multiple congenital ab-
normalities, amniocentesis for a rapid aneuploidy test using
quantitative ﬂuorescent-polymerase chain reaction and culture
was performed after signed informed consent was obtained. The
test revealed an abnormalmale karyotypewith complete trisomy 9.
Pregnancy was terminated at 22 0/7 weeks gestation with vaginal
administration of prostaglandin E subsequent to hospital admission
(Cervidil, Serono, Latina, Italy).
The parents declined a full postmortem examination and con-
sented to photographs and skin biopsy only. Skin ﬁbroblast culture
conﬁrmed the amniocentesis ﬁnding of a male with complete tri-
somy 9.Fig. 1. (A) Transabdominal scan performed at 20 3/7 weeks of gestation showing the defect a
arrow). (B) Fetal proﬁle demonstrating cleft lip and (C) postmortem examination documenCase 2
A fetal scan performed at 22 0/7 weeks gestational on a 28-year-
old gravida 4, para 1 woman detected multiple abnormalities
including DWM, ventriculomegaly, large CLP, cardiac abnormalities,
and echogenic kidneys. The woman underwent amniocentesis
which revealed an abnormal female karyotype with complete tri-
somy 9 (47, XX, þ9). Pregnancy was terminated at 23 4/7 weeks
gestational age. Consent was obtained for a complete necropsy
examination that conﬁrmed the multiple abnormalities detected
on ultrasound. The female fetus was small for gestational age; it
weighed 387 g (< 3rd percentile) and measured 26 cm in crown-
heel length (between the 5th percentile and 10th percentile). The
foot length of 3.6 cmwas shorter than expected for gestational age
(4.38 ± 0.26 cm) [5]. The face was dysmorphic with a triangular
head and broad forehead, double hair whorl, hypertelorism, un-
derdeveloped supraorbital ridges, wide nasal bridge, and low-set,
misshapen, and posteriorly rotated ears with small lobes. Fonta-
nelles were soft and widely open. Fetal X-rays showed 11 pairs of
ribs, mild bowing of the ulnas, absent ossiﬁcation of the middle and
distal phalanges in the hands, bilateral hip dislocation and
acetabular dysplasia, knee dislocation with genu recurvatum,
equinus talipes, and absent ossiﬁcation in the distal phalanges of
the feet (Fig. 4). A bilateral CL was continuous with the nares and a
central CP. The oral cavity showed a tethered tongue, prominent
alveolar ridge and a short, split uvula (Fig. 5). Upper and lower
limbs were contracted with mild pterigia. Hands showed bilateral
camptodactyly, clinodactyly, and absent ﬁngernails. There were
bilateral talipes with posteromedial rotation, bilateral sandal gap,
and absent ﬁngernails. Other abnormalities observed at the
external examination included a skin tag on the anterior chest, a
prominent coccyx and sacral dimple, and an anteriorly located
anus. Internal examination revealed cardiovascular abnormalities
such as persistent left superior vena cava, membranous VSD,
overriding aorta, pulmonary valve with two cusps and three si-
nuses, and the origin of the left subclavian artery was distal to the
junction of the ductus arteriosus and aortic arch (Fig. 6). The lungs
had abnormal lobationwith two lobes on the right and three on the
left. The brain showed sulcation consistent with 22 weeks gesta-
tional age; cerebellar vermis was small and dorsally rotated with an
enlarged fourth ventricle aperture (DWM; (Fig. 7). There was
corpus callosum hypoplasia, mild dilatation of the lateral ventricles
and hippocampal malrotation. Microscopic examination demon-
strated Probst bundles and a small, mildly dysplastic vermis. Other
abnormalities observed at postmortem examination included hy-
poplastic gallbladder, mobile cecum and ascending colon, left kid-
ney with cystic dysplasia, accessory splenule, bicornuate uterus,
and elongated ovaries.t the level of the cerebellar vermis consistent with Dandy-Walker malformation (white
ting a bilateral cleft lip and cleft palate.
Fig. 2. (A) Three-vessel trachea view performed at 20 3/7 weeks of gestation in
grayscale: the transverse portion of the aorta is located to the right side of the trachea
and esophagus. (B) Using Doppler ultrasound with color ﬂow mapping, the ductus and
aorta shows a U-shaped ring around the midline structures. Ao ¼ aorta;
E ¼ esophagus; PA ¼ pulmonary artery; SVC ¼ superior vena cava; T ¼ trachea).
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Complete trisomy 9 usually results in spontaneous abortion. In
rare instances when the babies are liveborn, they usually die in
the neonatal period. The ﬁrst case of complete trisomy 9 was
described in 1973 by Feingold and Atkins [6], and this male infant
surprisingly survived 28 days despite multiple abnormalities.
Trisomy 9 does not seem to correlate with maternal age, but it is
more frequent in mothers younger than 35 years [7,8]. The degree
and severity of the congenital abnormalities depend on the
quantity of chromosomal material inherited and on the amount
and variability of its expression in the cells of various organs [9].
Infants with partial trisomy of the short arm of chromosome 9
(9p) are frequently liveborn, and the condition is sometimes
associated with long survival. Common pathological featuresFig. 3. (A) The four-chamber view shows an apical, muscular, ventricular septal defect
(white arrow) at Doppler ultrasound with color ﬂow mapping. (B) Spatiotemporal
image correlation with color Doppler angiography in glass body rendering conﬁrms a
right-sided aortic arch: speciﬁcally, the ductus and the aorta form a U-shaped vascular
ring around the trachea and esophagus. E ¼ esophagus; T ¼ trachea; VSD ¼ ventricular
septal defect.include mental and growth retardation, microcephaly, hyper-
telorism, downward slanting eyes, bulbous nose, downturned
corners of the mouth, and low-set ears. Also, ﬁnger abnormalities
are often present and include hypoplastic phalanges, hypoplastic
nails, and clinodactyly [10]. Partial trisomy of the long arm of
chromosome 9 (9q) is rare and results in multiple, severe mal-
formations of the cardiovascular and genitourinary systems.
Facial dysmorphic features include small eyes, hypertelorism,
beaked nose, low-set ears, microretrognathia, and CLP. Extrem-
ities are affected with joint contractures; ﬁngers and toes are
abnormally long and tapered. Death usually occurs in early
childhood, and survival to adulthood is rare [8,11]. Trisomy 9
mosaicism and complete trisomy 9 share common clinical fea-
tures, although mosaic cases present with a milder phenotype
and live longer. Mosaicism may be found in only some organs,
with variable cellular expression, or may be conﬁned to the
placenta [8]. In complete trisomy 9, head and face abnormalities
are the most noticeable features and include microcephaly, large
fontanelles and cranial sutures, hypertelorism, bulbous nose, CLP,
and microretrognathia. The skeletal system, limbs, and extrem-
ities are frequently involved with clenched hands, camptodactyly,
rocker bottom feet, and clubfeet. Fingers, toes, and nails may be
hypoplastic or absent. There is often an abnormal number of ribs
and joint dislocation, especially involving the hips and knees. VSD
is the most common defect in the heart and may be associated
with valve dysplasia. Urinary and genital abnormalities may be
present with horseshoe kidney, renal hypoplasia or cystic
dysplasia, short penis, and bicornuate uterus. Less frequent ab-
normalities include abnormal pulmonary lobation, intestinal
malrotation, gall bladder and biliary tract hypoplasia/agenesia,
and adrenal hypoplasia [3].
The two cases described in this report shared similar features
such as bilateral CLP in the ﬁrst case, and bilateral CL and central CP
in the second case, DWM, VSD, and symmetrical IUGR. The asso-
ciation of these abnormalities was unusual and has not been pre-
viously reported, to the best of our knowledge.
As far as we know, this is the ﬁrst reported case of trisomy 9
associated with a right-sided aortic arch (R-ARCH). R-ARCH refers
to a series of complete (O-shaped) or incomplete (U- and C-shaped)
vascular rings that encircle and compress the esophagus and tra-
chea [12e17]. When vascular rings are diagnosed, careful attention
must be paid to the arrangement of the vascular structures
extending around and behind the trachea and esophagus [18].
Prenatal diagnosis of vascular rings may be feasible and accurate
using the standard three-vessel view [19] or the three-vessel tra-
chea view [20,21]. Overall incidence reported by Li et al [22] is 0.9%.
In this largest cohort series of prenatally detected vascular rings,
the commonest type was R-ARCH (50.6%) followed by left aortic
arch with aberrant right subclavian artery (39.5%). Chromosomal
analysis performed prenatally in 46/81 pregnancies revealed a
13.0% incidence of fetal aneuploidy [22].
Many genes have been localized to chromosome 9, and their
abnormal expression or gene dosage may explain the multiple
abnormalities found in this syndrome [23,24].
The thyroid transcription factor 2 gene (TTF2 or FOXE1) in region
9q22.33 contains a DNA-binding forkhead domain. It is expressed
in the nasal and maxillary processes during embryonal develop-
ment, and also regulates thyroid development. Alterations in FOXE1
have been associated with isolated CL with or without CP, and with
isolated CP and thyroid agenesis [25,26]. Zinc ﬁnger protein 189
(ZNF189) in 9q22-q31 regulates speciﬁc DNA-binding domains
involved in transcription recognition and induction. Mutations in
forkhead domainecontaining transcription factor FOXE1 (9q22) are
associated with congenital hypothyroidism, thyroid agenesis, and
CP in humans and mice. This gene has also been associated with
Fig. 4. (A) Photograph shows dysmorphic face with broad forehead, hypertelorism, underdeveloped supraorbital ridges, wide nasal bridge, and cleft lip. Ears are low set, posteriorly
rotated with simpliﬁed small lobes. (B) X-ray shows the presence of 11 pairs of ribs, and hip (yellow arrow) and knee dislocation (red arrows).
Fig. 5. Bilateral cleft lip (blue arrows), central cleft palate (star), and prominent
alveolar ridge (red arrows).
Fig. 6. Left persistent superior vena cava (yellow arrows) draining into the coronary
sinus. Ao ¼ ascending aorta; PA ¼ pulmonary artery.
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1 (TGFBR1) in region 9q33-q34, regulates cell-matrix interactions
through transcription of other genes (especially in the TGFB family)
that are involved in cell proliferation and differentiation.
In a small percentage of cases, mutations in the PTCH gene in
region 9q22.3 cause Gorlyn syndrome presenting as CLP [24].
Tyrosin kinase-like orphan receptor 2 (ROR2) in region 9q22 is
selectively expressed in chondrocyte lineage and regulates cellular
proliferation and growth plate development. Knockout mice for
this gene present foreshortened and misshaped endochondral-
derived bones [28]. Also, mice with ROR2 mutations have
impaired digit growth due to defective differentiation of mesen-
chymal cells into chondrocytes [29]. Bone remodeling and meta-
bolism are also modulated by ciliary neurotropic factor (CNTF), a
cytokine whose gene is on 9p13. CNTF has been detected inFig. 7. Postmortem examination demonstrating the Dandy-Walker malformation with
small and dorsally rotated cerebellar vermis (red arrow). The fourth ventricle is widely
dilated (blue star).
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drocytes. Cultures of mouse calvarial osteoblasts treated with
CNTF show reduced mineralization, an effect that may be corre-
lated with the soft calvarium often found in fetuses with trisomy 9
[30]. CNTF is also expressed in central and peripheral nervous
systems, where it has neutrophic and neuroprotective functions.
Its receptor, CNTFR, is mainly localized in the nervous system and
skeletal muscle. Signal transduction requires recruitment of gp130,
a cytokine that also regulates bone growth through osteoblast or
osteoclast activation [31,32]. In animal models, CNTF plays a key
role after brain injury, as it induces neuroblast migration from the
subventricular zone, as well as oligodendrocyte differentiation, by
acting as a chemoattractant for repairing neuronal and myelin
damage [33]. This function may be abnormally activated in tri-
somy 9 in early gestation, thus causing central nervous system
malformations [3]. The most common is the Dandy-Walker
phenotype possibly caused by genes in the region 9pter-9q22
[34e36]. The locus on 9q22.3 encodes for a protein coronin type II
A (Cor2A), which contains ﬁve Dandy-Walker repeats. This is an
important motif for proteineprotein interactions, especially in
intracellular signal transduction. Highly expressed in the brain,
Cor2A is an actin-binding protein involved in active modiﬁcation
of cytoskeletal architecture that directly modulates cell motility
and migration [37,38]. Downstream coronin effects on other pro-
teins may include coﬁlin overexpression, which inhibits cell
motility [39]. Therefore, in complete trisomy 9, Cor2A may be
increased, thus leading to abnormal expression of coﬁlin with
consequent defective cell migration.
Complete trisomy 9 also leads to cardiac malformations, and
many genes located on 9q are known to be involved in cardio-
genesis (INVS, TMOD1, TGFBR1, KLF4, IPPK, PTCH1, BARX1, MEGF9,
and S1PR3) [40].
In conclusion, complete trisomy 9 may present a wide spectrum
of abnormalities affecting almost all organs and systems. Our cases
presented an unusual clinical association with DWM, orofacial
clefts, cardiovascular abnormalities, and symmetrical IUGR. The
combinations of anomalies are highly variable, and our cases pro-
vide further details that supplement our knowledge of the
phenotype of this rare aneuploidy.Conﬂict of interest
All authors declare to have no conﬂict of interest.References
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